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SPRAYING HEAD . ^ 



Background of the invention 



5. The present invention relates to a spraying liead as defined in the pre- 
amble of claim 1, especially for the humldlflcatlon of the Intake air of a 
piston engine, said spraying head comprising a body and a channel for 
the supply of a spraying medium from an Inlet to at least one nozzle. 

10 the exhaust gases of piston engines, in particular diesel engines, con- 
tain many kinds of noxious combustion products. At the high combus- 

tlon temperatures, the combustion process In the cylinders of a piston 

engine produces nitrogen oxides (NOx), which are emitted together with 
the exhaust gases Into the atmosphere. Because of the harmful envi- 

15 ronmental effects of nitrogen oxide emissions, efforts are undertaken to 
minimize their production. 

As is known, adding water to the combustion process reduces the gen- 
eration of nitrogen oxides. This phenomenon is based on the cooling ef- 

20 feet of water. In practice, the introduction of water into the combustion 
process is often Implemented by injecting water into the intake air. 
These arrangements are advantageous In respect of efficiency of the 
engine. The maximum amount of water introduced into the combustion 
space of the engine may be that amount which will remain In gaseous 

25 form in the intake air pressure and temperature conditions. 

The object of the Invention is to achieve a completely new type of 
spraying head that allows the intake air to be humidified In a desired 
manner In different engine load conditions. 

30 

Spraying head of the invention is characterized in that the spraying 
head is provided with at least two channels, each one which forms a 
separate passage to at least one nozzle. 

35 The spraying head of the Invention Is additionally characterized by what 
is stated In claims 2 - 10. 
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The solution of the Invention has numerous significant advantages. By 
forming several liquid feed channels in the spraying head, it will be easy 
to control the amount and/or quality of water to be supplied through 
the spraying head. By providing the spraying head with nozzles having 
5 different properties, the characteristics of the water mist to be injected 
can be varied In a desired manner by opening and closing the medium 
channels leading to different nozzles in the spraying head. Installing the 
spraying head as a complete nniodule is easy as compared with mount- 
ing several separate nozzles. In addition, the aiming direction of the 
10 nozzles of the spraying head and the distances between them can be 
easily adjusted to the designed settings. (Moreover, the spraying head 
can be securely mounted in the air intake duct. Using the spraying head 
of the Invention, diverse adjustment possibilities and, when necessary, 
a good water distribution through the air intake duct are achieved. 

15 

Brief description of the drawings 

In the following, the invention will be described in detail by the aid of an 
example with reference to the attached drawing, wherein 

20 

Fig. 1 presents an apparatus employing a spraying head according to 
the Invention, 

Fig. 2 presents a spraying head according to the Invention, sectioned 
25 along line II - II in Fig. 3, 

Fig. 3 presents a spraying head according to the Invention, 

Fig, 4 presents a spraying head according to the invention installed, 

30 

Fig. 5 presents an embodiment of the invention sectioned along line V - 
V In Fig. 4, 

Fig. 6 presents another embodiment of the spraying head of the inven- 
35 tion. 
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Fig. 7 presents the spraying head of the Invention as seen fronn direc- 
tion VII in Fig. 6, and 

Fig. 8 presents a section through the spraying head in Fig. 6, taken 
5 along line VIII - VIII. 



Detailed description of the Invention 

Fig. 1 presents a diagrammatic representation of an apparatus employ- 
10 ing the spraying head of the Invention, Installed In connection with the 
air Intake duct 2 of a piston engine,, such as a diesel engine. In the fig- 
ure, the air intake duct 2 and the exhaust duct 3 are shown in a simpli- 
fied form. The engine presented in the figure is provided with a super- 
charger 4, which feeds air under positive pressure into the intake duct- 
is work 2 of the engine. To reduce the nitrogen oxide emissions of the en- 
gine, the air intake ductwork is provided with at least one spraying head 
6, 7, fitted to feed water mist into the Intake ductwork 2. In the case 
illustrated In the figure, the Intake ductwork is also provided with a heat 
exchanger element 5, such as a charge-air intercooler. In this figure, 
20 two spraying heads 6, 7 are used. 

At least one spraying head 6, 7 in the spraying apparatus is connected 
directly to the structures 4 of the air intake duct 2 and a fine mist pro- 
duced by the spraying head 6, 7 comprising at least one nozzle Is In- 

25 jected directly Into the Intake air In the air Intake duct. When the solu- 
tion of the Invention Is used, no extra chambers or other containers are 
needed In the air intake ductwork. The nozzles feed water mist under a 
high pressure Into the air intake duct. The water is in the form of a fine 
mist. Preferably 90 % of the water volume (Dv90) is in the form of 

30 droplets having a size typically below 200 micrometers, preferably be- 
low 100 micrometers and more preferably below 50 micrometers. In a 
typical case according to the Invention, the pressure In the supply pipe 
Is typically at least 10 bar, preferably at least 30 bar, most preferably 
over 50 bar. The pressure, range Is typically 10 - 300 bar. 

35 
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The apparatus comprises means for delivering an aqueous liquid to the 
nozzles. In the embodiment presented in Fig. 1, the apparatus com- 
prises a liquid source 21, from where the liquid is pumped through a 
pipe 17 by means of a pump 25. The pump is operated by a drive 16. 
The liquid can be directed via channels 18, 19 to different nozzles 6, 7. 
The apparatus comprises a system required for the regulation of the 
amount of water sprayed, by means of which system the amount of wa- 
ter to be evaporated Into the Intake air and the cooling of the intake air 
can be controlled. The apparatus comprises valve elements 13, 14 ar- 
ranged in connection with the liquid flow passages, such as pipes 18, 19 
leading to the nozzles of the spraying head. The valves 13, 14 are typi- 
cally controlled by a control system 20. Thus, the liquid flow passages 
18, 19 can be opened and closed as necessary. 

A spraying head 6 according to the invention is presented in Fig. 2 and 
3. The spraying head comprises a body in which is formed at least one 
channel 18, 18', 18" for conveying a pressure medium to the nozzles 9, 
10, 11. In the spraying head presented In the figure, a separate channel 
18, 18', 18" Is provided for each nozzle 9, 10, 11. This allows individual 
control of the flow and/or pressure of the pressure medium supplied to 
each nozzle 9, 10, 11. 

According to another embodiment, the nozzles of the spraying head can 
be arranged in groups so that each feed channel communicates with 
several nozzles. 

The nozzles 9, 10, 11 In the spraying head 6 may have different proper- 
ties, which have been adapted according to the placement of each noz- 
zle. The form of the spraying head, the number of nozzles and their 
aiming direction may vary depending on the application. Typically, at 
least that part of the spraying head which extends inside the space de- 
fined by the air Intake duct walls 2 has been made narrower In the di- 
rection of the Intake air flow than in a direction perpendicular to the di- 
rection of intake air flow. Fig. 4 and 5 illustrate a spraying head of the 
Invention mounted in an air Intake duct 2. The direction of intake air 
flow Is indicated by an arrow in Fig. 4. Placed on the Intake air entry 
side, the spraying head has two nozzles 10, 11 and one nozzle 9 on the 
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exit side. The nozzles on the entry side are aimed in a direction sub- 
stantially against the flow of the Intake air. They may also differ by an 
angle p from the flow direction. The nozzle spraying substantially in the 
flow direction may differ from the intake air flow direction by an angle 

5 0. The nozzles may be aimed in a direction deviating from at least one 
vertical plane by an angle c. The angles depend on the embodiment, 
such as the Intake air flow rate and shape of the intake ductwork, so 
their direction and magnitude may vary considerably from case to case. 
Angles a and p may vary between 0 - 90". Angle c may vary between 0 - 

10 ±90°. 

It is also possible supply different mediums, such as water and gas, to 
the nozzle. The nozzles are not shown In detail in the figure, but they 
may be replaceable depending on the application. 

15 

The nozzles are therefore of a type such that they produce a spray of 
fine mist when supplied with liquid under a high pressure. Many kinds of 
nozzles of this category are known, e.g. from fire extinguishing technol- 
ogy employing water mist. For example, specifications WO 92/20454 
20 and WO 94/06567 disclose nozzles that produce a water mist at a high 
pressure. Naturally, other types of nozzles may also be used, e.g. speci- 
fication WO 01/45799 discloses yet another nozzle. 

The amount of water supplied through the nozzles typically increases 
25 with increasing engine load. Thus, when the engine load Is low, it Is 
possible to supply water only to some of the nozzles and Increase the 
number of nozzles spraying when the load increases. Similarly, the 
spraying head can be provided with nozzles having different properties, 
such as nozzle aperture size, droplet size produced by the nozzle, etc. It 
30 is thus possible to form different combinations which can be adapted to 
a wide range of different applications, different engine types, different 
placements and conditions. 

Fig. 6-8 present another embodiment of the spraying head 6 of the 
3e; invention. The spraying head is arranged to extend substantially across 
the air intake duct between the opposite walls 2 - 2' of the duct. The 
body of the spraying, head preferably has the shape of a wing-like ob- 
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ject. Formed in the body are channels 18, 18', 18" for supplying a to 
the nozzles 9, 9', 10, 11' a medium to be sprayed. In the embodiment 
Illustrated In the figure, three Inlets 29, 30, 31 into the feed channels 
are provided at the first end 70 of the spraying head. One inlet 29 is 
5 provided at the opposite end 71 of the spraying head. The nozzles are 
arranged to spray in desired directions. In the embodiment Illustrated, 
some of the nozzles 9, 10, 9' are arranged to spray In the air intake 
duct against the direction of air. entry while some of the nozzles 11 are 
arranged to spray In the direction of air flow. Nozzles 9, 9' and 10 are 
10 therefore placed at the edge 74 of the spraying head body facing 
against the air entry direction while nozzles 11 are placed at the air 
exit-side edge 75 of the body. Formed In the body of the spraying head 
are three channels 18, 18', 18" coming from the first end of the spray- 
ing head and one channel 18"' from the second end of the spraying 
15 head. With the spraying head of the Invention, the spraying of the pres- 
sure medium to be sprayed can thus be distributed over the width of 
the air intake duct at least In the area of the spraying head. In addition, 
by directing the supply of pressure medium to different channels 18, 
18', 18", 18"', it is possible to Influence the operation of the spraying 
20 head feeding the air Intake duct in respect of e.g. the direction of Injec- 
tion or the point of Injection. For example, the spraying can be imple- 
mented by initially spraying by the nozzles 10 In the middle, next by 
also spraying by the nozzles 9, 9' In the edge part, either from one edge 
or both edges, and finally by spraying by the nozzles 11 at the exit-side 
25 edge as well. 

Provided at the first end of the spraying head Is a mating surface 73 
which Is pressed against the wall 2 of the air Intake duct either directly 
or via an intermediate piece. Formed or arranged at the opposite end 

30 71 of the spraying head is a supporting element extending to the oppo- 
site side of the opposite wall 2'. The supporting element typically Is pro- 
vided with threads allowing the spraying head to mounted and tight- 
ened on the air Intake duct by means of a fastening element, such as a 
nut. The spraying head according to this second embodiment Is t/picaliy 

35 mounted In an opening formed in the wall 2 of the air intake duct, said 
opening having dimensions such that the spraying head parts intended 
to go inside the air Intake duct can be inserted through It. The shape of 
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the opening Is typically designed that it also guides the spraying head to 
the correct position In the air intake duct. Formed In the opposite wall 2' 
of the air intalce duct is a second opening, which Is so designed that at 
least the supporting element 76 can go through it while a second mat- 
5 ing surface 77 formed at the other end of the spraying head remains in- 
side the air Intake duct. The spraying head is locked on the air intake 
duct by means of a nut provided on the supporting element 76 so that 
the other wall 2' remains between the second mating surface and the 
tightening element (not shown). This arrangement allows the spraying 
10 head to be easily and securely mounted on the air Intake duct. 

Fig. 8 presents a cross-sectional form of the spraying head presented in 
Fig. 6. That part of the spraying head which Is to go Inside the air intake 
duct is preferably formed as a wing-shaped part. In Its cross-sectional 
15 form, it has a thicker portion at the middle, becoming thinner towards 
the edges 74, 75. In the case presented in the figure, the cross- 
sectional form Is symmetrical, but it need not necessarily be symmetri- 
cal- The cross-sectional form can be adapted according to the applica- 
tion. 

20 

An apparatus employing the spraying head of the invention can fully 
utilize the quantity of heat required for the vaporization of water, cool- 
ing the intake air at each injection point to a temperature close to the 
wet bulb temperature (or adiabatic saturation temperature, which in the 
25 case of a water-air mixture is practically the same thing), i.e. to the 
temperature to which the temperature of air can be reduced by vapori- 
zation of water. 

In the apparatus of the invention, the humidity of the intake air is pref- 
30 erably Increased stepwise after each heat supply point. However, rela- 
tive to the direction the Intake air flow, water mist Is injected before the 
last heat supply point , which can be used as a water evaporation sur- 
face. 

35 By this arrangement, the humidity of the gas fed into the cylinder and 
therefore the formation of nitrogen oxides is regulated within the de- 
sired limits. 
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It is obvious to the person sl<illed in tine art that the invention is not lim- 
ited to the example described above, but that it may be varied within 
the scope of the claims presented below. Thus, the spraying head may 
5 comprise two, three, four or more nozzles. The spraying head has at 
least two channels. 



